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INTRODUCTION
Alpine tundra, with which this study is concerned, is 
considered as one association of the North American tundra formation, 
and arctic tundra is the other (Oosting, 1958)• Alpine tundra 
occurs on mountains high enough to possess an upper limit of trees, as 
opposed to arctic ■ tundra which occurs on lowlands far enough 
north to exceed the northern limit of trees. Thus, alpine vegetation 
may be defined as that occurring between the upper limit of trees 
(timberline) and the lower limit of snow (snow line) on mountains 
high enough to possess both of these features,
Alpine vegetation is generally considered then, to occur 
at high altitudes. The elevation, however, at which alpine vegetation 
occurs for any particular area varies with such factors as latitude, 
geography and topography. The lower limit of alpine vegetation in 
North America increases approximately 360 feet per degree of 
latitude from the arctic south to 30® north latitude. Geographical 
and topographical features of mountains influence the elevation at 
which alpine vegetation occurs by influencing the environmental 
factors to which the plants respond. For example, the influence of 
physiographic features on moisture conditions is evidenced by the 
fact that alpine vegetation occurs at lower elevations on coastal 
ranges with low snow lines, and on wetter slopes of mountains.
Knowledge concerning North American alpine vegetation 
is most complete in the area of taxonomy (Oosting, 1958), Infor­
mation and conclusions concerning the classification of communities, 
their environmental and successional relationships, and the
physiological ecology of individual species are areas in which
1
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the knowledge is as yet incomplete. Comparisons between two or more 
studies are only valid when the areas and the techniques of 
analysis are similar. Most such studies have been of a qualitative 
nature. Efforts, however, to solve the complex problems of alpine 
ecology using quantitative techniques have been increasing recently 
in North America (Billings, 1959; Marr, 1961; Holway, 1963; Krajina, 
1963).
In the study of alpine vegetation, as in other scientific 
endeavors, the need for minimizing variation in observations is 
apparent when attempts are made to compare conclusions of different 
studies. Dahl (1956), among others, believes that an objective 
classification of alpine vegetation is possible (that is, a 
classification independent of the observer). His conclusions 
are based on the availability of analytical and statistical methods 
for the control of observations. A wide use of quantitative 
methods for describing alpine vegetation is evident in the European 
literature (as referred to in Pearsall, 1950; Gjaerevoll, 1956; 
and Dahl, 1956), as contrasted with the larger proportion, until 
recently, of qualitative methods used in the description of alpine 
vegetation in the North American literature (Shaw, 1916; Rydberg,
1914-; Gabrielson, 1932; Thompson, 1936; Allowitz, 196?; and Wills, 
1962).
An increase in quantitative descriptions for North American 
alpine areas is useful because it allows comparisons of these areas 
with alpine areas in other parts of the world. Such descriptions 
are also useful in comparing alpine areas with non-alpine areas, 
for which similar quantitative data is already available. The
information available for alpine areas contributes to the under­
standing of other aspects of the biology of those areas by revdaling 
possible relationships among environmental, physiological, sociological, 
and ecological factors which affect their biota.
Desiring to contribute objective information to that 
needed in the field of alpine ecology, the author conducted the 
present study at Logan Pass, Glacier National Park, Montana, during 
the summer months of June, July and August of 1962 (see Map 1.).
Logan Pass was chosen as the study area because it is accessible 
and considered to be alpine according to definitions given previously. 
However, the elevation of Logan Pass is lower than the timberline 
(7500 to 8000 feet) for Glacier National Park. This depressed 
timberline at Logan Pass can be accounted for by the heavy snow 
accumulation it receives.
The primary objective of this study was to develop a 
quantitative description of the alpine vegetation of this area, 
based on sampling techniques found successful in Colorado alpine 
areas (Ward, 1962). Secondary objectives included familiarization 
with the flora of Logan Pass, collection of plant specimens and soil 
samples, and development of a vegetation map of this area.
MAP 1. Location of Logan Pass within the Livingston Range, Glacier 
National Park, Montana (Bailey, 1918),
LITERATURE REVIEW
Qualitative descriptions of the vegetation at Logan Pass 
have been presented in the studies of two recent investigators,
Choate (i960), in which ecological aspects were emphasized; and 
Sammons (1959), in which taxonomic aspects were emphasized. Since 
the floristic conclusions of these two studies coincide closely 
with each other, the naterial presented in them will be presented 
as a unit in this review. Choate suggests that Logan Pass lies in 
an ecotone between the true alpine and subalpine types as evidenced 
by the presence of elements from both. He therefore does not 
consider the vegetation of Logan Pass to be characteristic of a single 
ecological unit; but rather to be several communities, which may be 
either alpine or subalpine, or which may be unique to the area.
The ten communities established by Sammons also recognized by 
Choate, are: wet meadow, wet hea th-Soha gnxim. Car ex-willow, dry
meadow, wet rock ledge, dry rock ledge, Krummholz, heath mat, foil­
field, and rocky.
The wet meadow, according to them, occurs on moist, 
relatively level ground, particularly along larger streams, with 
some of the characteristic species being Salix commutata. Anemone 
parviflora. Ranunculus eschscholtzii. Mitella breweri. Saxifrage 
rhomboidea. Parnassia fimbriata. Gentiana calvcosa. Mimulus tilingii. 
M. lewisii.* Polygonum vivinarum. Poa alpina. Senecio triangularis. 
Carex tolmiei. Tofieldia glutinosa. and Kalmia polifolia. Where 
moisture accumulates in depressions and behind rock ledges, they 
describe the occurrence of boggy communities of wet heath and/or
sphagnum, for which the species Cessiope mertensiana. Salix nivalis> 
Poa arctlca. Arnica cordlfolia. and Sphagnum spp. are listed. Other 
areas of moisture accumulation were characterized by pure stands of 
either Carex tolmiei or Salix commutata.
One of the most extensive of the community types found at 
Logan Pass is the dry meadow, described as relatively level meadow 
areas which are moderately well-drained, which include areas of low 
rock ledges or "benchland," and areas of moderate soil development. 
It was noted that such areas are moist for about one month after 
snowmelt but are dry by autumn. The typical species listed by 
Sammons for the dry meadow areas are Luzula glabrata. Ervthronium 
grandiflorum. Carex nigricans. Sibbaldia procumbens. and Hypericum 
formosum. with the less apparent occurrence of Phleum alpinum and 
Erigeron peregrinus.
There are two types of steeper areas at Logan Pass.
These are the wet rock ledge communities near or under continual 
snow and/or stream run-off; and the dry rock ledge communities on 
ledges usually covered by shallow, rocky soils which become dry at 
the peak of the growing season. Species characteristic of the wet 
rock ledges are Saxifraga mertensiana. S. debilis. S. adscendens. 
and Romanzoffia sitchensis. Species common on the dry rock ledges 
were found to be Potentilla diversifolia. Sibbaldia procumbens. 
Ranunculus eschscholtzii. Senecio resedifolius. and Antennaria 
alpina. with Lewisia pygmaea and Viola adunca almost restricted to 
this type of habitat.
Krummholz, the term applied to stunted or prostrate trees 
growing at the limits of timber-line, occurs in small clusters which 
cover about half the area according to Choate. It occurs principally 
on some higher ledges and slopes which receive less snow cover than 
the broad lower parts of the pass. The species listed by Sammons 
for this type are Abies lasiocarpa. Picea engelmanni. Pinus flexilis. 
Pseudotsuga menziesil p Juninerus communis. Arctostaphylos uva-ursi. 
and Vaccinium membranaceum. Extensive mats of Phvllodoce develop 
on sheltered slopes or ledges of moderate moisture conditions, 
the heath-mat type described by Choate,
Rocky ledges and slopes with very little soil development 
and the edges of moraine and scree areas were considered to be 
fell-field. Characteristic plants of fell-fields were Drvas 
octopetala. 311ene acaulis. Saxifraga bronchialis. Erigeron compositus. 
Arabls Ivallii. and Arenaria obtusiloba. Areas where rock cover 
exceeds eighty percent, including talus, scree, moraine, and some 
ledges, were considered to be the rocky type. Sammons lists the 
following species for this type; Myosotis alpestris. Potentilla 
fruticosa. Anemone globosa. Saxifraga bronchialis. Phacelia 
leucophvlla. P. Ivallii. Crepis nana. Silene acaulis. Polemonium 
viscosum. Eriogonum flavum. E. ovalifolium. and Sedum stenopetalum..
Ecological and taxonomic studies of northern Rocky Mountain 
alpine areas have been made in Garibaldi Park in the Pacific Coast 
Range and in the Selkirk Mountains, both in southwestern British 
Columbia, The study at Garibaldi Park was principally synecological. 
This area, as stated by Krajina (1963), is in the Coastal Alpine
Zone, which differs from the Interior Alpine Zone by heavier snow 
cover during autumn, winter, and spring. Archer (1963) found in this 
area that the boundaries between alpine and subalpine zones were 
less well-defined than in continental regions where snowfall is 
not so great. He considers the high snowfall of the Pacific Coast 
Range to be the dominant climatic factor affecting its biology.
The heavy snow cover in these mountains is considered to be responsible 
for the depressed treeline-because there is evidence that trees 
are invading high rock outcrops once covered by glaciers. Even 
though snow accumulation is prominent in these mountains, there 
are areas in the alpine, such as rock walls, which prevent accumu­
lation of snow. According to Archer, the "complex mosaic pattern 
of vegetation" of the area studied at Garibaldi Park is due to the 
relationship "between duration of snow cover and physiography."
The soils of the Garibaldi Park area are derived from two 
types of parent rock, a volcanic series, mainly dacites, and intrusions 
of quartz-diorite. Soil formation, according to field studies (Archer, 
1963), is characterized by leaching of basic cations, with resultant 
acidification, and accumulation of organic matter due to low soil 
temperatures, .Surface run-off water is high on areas of the impermeable 
quartz-diorite, and is reduced on areas of volcanic material, which 
is highly permeable. He describes several soil categories, ranging 
from raw soil to sod. The former are characteristic of morainal de­
posits and ridges where parent debris has accumulated, and yield low 
percentages of organic matter and relatively basic pH values, Vegeta» 
tion on such soils is of pioneer type and highly dispersed (much less
Ô
than plant cover), Translocation of metallic ions and accumu­
lation of organic matter leads to a soil called "alpine moder ranker," 
in which the A horizon varies from 6 to 16 inches thick. Further 
development leads to the formation of alpine sod types, which are 
from two to three feet deep and which may grade into sub-alpine
K
podzol soil types. In areas of long snow cover duration raw alpine 
soils may be characteristic if the base material is highly permeable 
so that melt water is unable to accumulate. In snow accumulation 
basins where the melt water is unable to escape as run-off, the 
soils are thin to 1-J- inches deep) and are of fine sands or silts 
over angular parent material.
Descriptions of the plant associations in the Garibaldi 
Park alpine area are presented by Archer,using divisions which 
reflect environmental and developmental conditions. These are (l), 
the snow patch group (with sub-associations of mosses, Carex nigricans, 
and Sibbaldia procumbens); (2), the alpine meadow group (with Carex
spectabilis); (3), the hygrophytic group (with Mimulus spp. and
Enilobium latifolium characterizing the wet series and Valeriana 
sitchensis characterizing the moist series); (A)9 the fragmented 
rock group (with Luetkea pectinata. Anaphalis spp., and Lupinus 
arctica); (5), the rupicolous group (with Juniperus spp., Penstemon
menziesii. and Silene acaulis); (6), the alpine heath group (with
Phvllodoce spp. and Cassiope mertensiana); and (7), the Krummholz 
group (with Abies spp. and Chamaecvparis nootkatensis). According 
to Archer, plants of the snow patch group are found in depressions 
which are snow-free 30 to 50 days per year; those of the alpine meadow 
group differ from continental alpine meadows in that they consist
mostly of sedges, with Phleum alpinum and Trisetum spiesturn also 
present; plants of the hygrophytic group are found along braided 
streams and on soils with abundant sub-surface water; those of the 
fragmented rock group are found on raw alpine soils, some of these 
soils being in areas which receive a constant supply of moisthre from 
snow melt; plants of the rupicolous group are found on rock walls 
and terraces, as well as on high ridges with fine rock particles; and 
those of the alpine heath group are found on alpine sod and podzol 
soils, one association being dominated by Phvllodoce empetriformis 
and the other by Cassiope mertensiana. Archer included the Krummholz 
group in the alpine associations of Garibaldi Park, because it occurs 
on higher south and west facing steep slopes and rock faces which 
are unable to accumulate snow. It is evident from his report that 
his studies were of a quantitative nature.
Even though the work published by Shaw (1916) for the Selkirk 
Mountains is of a qualitative nature, his conclusions concerning 
the alpine vegetation in that relatively wet mountain range are 
worthy of note. He describes formations above the forest zone as 
grading from alpine rivulet to alpine desert to barren cliffs. In 
these mountains the timberline is irregular because the forest 
extends upward on exposed ridges and mountain flanks and the alpine 
extends downward below the timber in depressions. He lists the species 
which occur in the montane (upper) zone of the forest formation as 
Picea engelmannii. Salix sp., Vaccinium membranaceum. Equisetum 
arvense. Epilobium angustifolium. Pedicularis contorta. Thalictrum 
occidentale , and less commonly Abies lasiocarpa. Above the forest
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zone he describes several associations within each of his two formeu- 
tions of alpine meadow and alpine desert. These vary according to 
altitude, topography, exposure, and moisture content of the soil.
Crags and ridges may become free from snow in May or early June, 
according to him, whereas depressions may remain buried under snow 
until middle or late July. The areas from which snow disappeared 
first were observed to bear a more luxuriant and varied vegetation 
than areas covered by snow for longer periods. He states, "In the 
Selkirks, long-enduring snow masses . . .  are the most important 
single factor in determining the distribution of the alpine meadow 
and the alpine desert vegetations," (Shaw, 1916, p. 4-89)•
Of the woody plants in the alpine meadows, Abies lasiocarpa 
and Picea engelmannii predominate in forming scattered groups, which 
Shaw calls true parklands. These groups of trees are most abundant 
on slight elevations. These stunted trees at higher elevations are 
associated with juniper thickets and an occasional Pinus alblcaulis.
The latter cover broader mountain flanks. Vaccinium membranaceum 
is found on lower slopes, especially near the threaded rivulets 
originating in snow banks above. Dwarf willows, Arctostaphylos 
uva-ursi. Cassiope mertensiana. and Dryas octopetala are the dwarfed 
shrubs found higher up the slopes and occur almost up to the alpine 
desert. He states that sometimes these species form small patches 
in areas dominated by grasses, or sometimes they form extensive carpets 
themselves. Mats of Cassiope or Dryas were observed by him to form 
dry hummocks in wet meadows.
11
"Moisture and the presence or absence of snow covering 
during the short growing season seem to be the principal factors 
determining the nature of the herbaceous vegetation of the alpine 
meadows." (Shaw, 1916, p. ^90). On very wet slopes and depressions, 
Vhere the ground is continually soaked by water from melting snow 
fields above, he noted pure stands or mixed associations of Ranunculus 
alnlnus■ Trollius albiflorus. Valeriana scouleri. Ervthronium 
grandif 1orum. and in lesser quantities Mitella nuda. Oxyria digyna. 
Parnassia flmbriata. Saxifraga rivularis. S. Ivallii. S. nivalis. 
Thalictrum occidentale. Epilobium angustifolium^Carex nigricans. Poa 
arctlca and P. alpina. The drier slopes were observed by him to 
support cushion plants, which may be associated with the species 
just listed. Such plants include Silene acaulis. Dryas sp., saxifrages, 
heathers, sedges, and grasses. Mesophytic grasslands support Anemone 
occidentalis. Poa alpina. P. arctica. Phleum alpinum. Luzula 
parviflora. Castille.ia spp., Valeriana sitchensis. Erigeron jucundus. 
Epilobium hornemanni. heather and dwarf willows. On gravel slopes 
of the youngest terminal moraines Shaw found areas ranging from 
pools or bogs formed by glacial streams to sun-baked flats no longer 
reached by such streams. In such areas he found shallow soils to 
either appear at the surface or far below the gravel and boulders.
Most of these areas were placed in the alpine meadow zone by him, 
even though the microhabitats represented varied greatly. The 
xerophytes grow in isolated clumps or cushions on morainal debris and 
endure conditions similar to those which the alpine desert plants 
experience. These xerophytes, some of which are found in the alpine 
desert formation, are Erigeron aureus. Antennaria lanata. Kalmia
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glauca. Arnica latlfolia. Epilobium angustifolium^ Potentilla 
emarginata, Gentiana prostrata, and Dryas octopetala. The hydrophytes 
and hydromesophytes of these gravelly areas form dense mats along 
streams, and those listed include Trollius albiflorus. Claytonia 
lanceolate. Oxyria digyna. Ranunculus eschscholtzii. Thalictrum 
occidentale. Parnassia fimbriata. Carex nigricans. Veronica alpina. 
Castille.ia spp., Mimulus lewisli. Epilobium latifolium. Saxifraga 
Ivallii. S. rivularis. Silene acaulis. Anemone drummondii. Ervthronium 
grandiflorum. Pedicularis bracteosa. Pinguicula vulgaris. Erigeron 
multiradiatus. Mvosotis alpestris. Valeriana sitchensis. Senecio 
triangularis, and Sibbaldia procumbens.
The alpine desert formation occurs in areas, usually high 
and wind-exposed, where low temperatures and snow or rock avalanches 
are the controlling factors. Plants found here, rock desert plants, 
are small, tough, dry and cushion-forming. They are definitely 
xerophytes and the most common in the Selkirks are Erigeron aureus. 
Silene acaulis. and Epilobium latifolium.
The areas near snow patches, which remain almost all summer, 
are considered to be physiological “deserts* since the plants living 
near a melting snow bank experience physiological dryness due to the 
extreme cold. Such areas are floristically poor. The seasonal 
succession of plants at a particular spot adjacent to a snow bank, 
which subsequently^melts, may be predicted by observing the plants 
at increasing distances from the snow bank at any particular time. 
According to Shaw black mud containing fungi is nearest the edge of 
the snow bank, then Polvtrichum followed by Carex nigricans invading 
the larger moss mats. When the Carex becomes continuous further
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from the melting edge of the snow bank and when It becomes invaded by- 
other hydro- and mesophytic plants, the area is no longer considered 
a physiological desert.
In the northwestern Canadian Rockies, near Heine's Cut-off 
in British Columbia, are located some alpine valleys which have some 
conditions and species in common with those of Logan Pass. Meander­
ing braided streams is the characteristic topographical feature here 
(Taylor, 1963). These alpine areas are in depressions with evident 
snow accumulation and subsequent seepage from snow melt. Characteristic 
plants of these seepage depressions, growing in raw alpine humus 
usually low in nitrogen content, are Epilobium latifolium. Sedum rosea. 
Luzula spp., Pinguicula vulgaris (common in such situations), 
Dodecatheon spp., and ericaceous plants.
A review of southern Rocky Mountain literature reveals that 
the use of quantitative methods in analyzing alpine vegetation is 
more prevalent there than in northern Rocky Mountain areas. With 
the use of 3* X 3* quadrats, Marr (1961) describes nine stand-types 
recognizable for the high plateau-like alpine areas of the Colorado 
Front Range. Each of these will be considered separately. The 
first is the kobresia meadow, considered by him along with other 
sedge-types, to be climax for many tundras. It occupies extensive 
wind blown, snow-free, gently rolling surfaces of higher alpine 
plateaus. This stand-type is usually almost pure Kobresia bellardii. 
but may contain cushion plants such as Arenaria obtusiloba and 
Trifolium nanum in isolated spots where the soil is thin and sandy.
It may contain broad-leaved plants in small depressions where snow 
accumulates, such as Geum rossii. Polygonum viviparum. as well as
u
grasses and other sedges. Another meadow association, the hair— 
grass stand-type (dominated by Deschampsia caespitosa and also 
including some Geum rossii and Polygonum blstortoides  ̂ is considered 
to be the climax for areas of moderate snow cover. The snow remains 
in such areas until early summer and sometimes until mid-summer. A 
third meadow stand-type is that of Parry’s clover (Trifolium parrvll 
which occurs in shallow snow-accumulation depressions which receive 
appreciable melt-water and run-off water. Later in the growing season 
Geum rossii. Polygonum bistortoides. and Artemisia scopulorum become 
common in this stand-type.
Areas which lose snow late in the summer growing season, 
such as areas with greater topographical relief than the grassy and 
sedgy areas on plateaus are characterized by a standtype called adoneus 
buttercup. The blooms of Ranunculus adoneus follow the melting 
edge of snow banks, with Festuca brachyphylla and Artemisia scopulorum 
becoming more common, along with other species, as distance from 
the snow bank and time after snowmelt increase. In areas where the 
snow accumulates eyen earlier and leaves even later in the summer than 
is characteristic for stand-types thus far considered, vegetation 
complexes develop with species which are non-existent in other alpine 
types described. Where this type occurs in the Colorado Front Range, 
Sibbaldia pronumbens was found to be the dominant species. Mosses, 
lichens, and some sedges and grasses also occur near such late 
snow banks. i
Areas exposed to wind have little or no snow cover, and 
support the cushion plant stand-type, which is considered to be a 
topographic climax. Plants most abundant under severe wind conditions
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and of the true cushion habit are Arenaria obtusiloba. Erltrichium 
aretioides. Paronychia sessiliflora. Phlox pulvinata. and Trifolium 
nanum. Where winds are less severe bunch-plants such as Geum rossii 
and Llovdia serotina occur. A related stand-type, the Dryas type 
occurs on gently sloping wind-blown areas. In these the combination 
of gradual soil movement, by mass wasting and frost action, and the 
mat-forming habit of Drvas octopetala form Drvas-banked terraces.
These possess few other flowering plants and are considered to be a 
topoedaphic-climax.
Finally, two wet meadow stand-types described are the sedge- 
grass and wlllow-sedge hummock areas which are characterized by soils 
kept wet all summer by ground water. These are found in lower 
depressions where vertical drainage of soil water is poor partly 
because the frost remains beneath these soils during the entire 
summer. As a result such areas are likely to become hummocky due 
to frost action. The shrubby willows found in these types occur on 
low-angle slopes where winter snow cover is less than in the depres­
sions where snow cover is greater and drainage is poorer.
Alpine vegetation types as outlined by Marr for the 
Colorado Front Range are similar to those found by other investigators 
in the Southern Rocky Mountains. Holway and Ward (1963) working in 
the northern Colorado Rockies with 400 square cm quadrats,,note the 
occurrence of various combinations of Trifolium dasvphvllum. Geum 
turbinatum. Poa pattersoni. Carex elvnoides. Carex drummondiana. and 
Kobresia bellardii in well-developed mesic meadows; while areas of 
heavy snow melt—water drainage favor, among others, Deschampsia 
caespitosa. Anemone zephvra. and/or Polygonum bistortoides. Dry,
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gravelly wind-swept areas are' dominated by cushion plants such as 
Arenaria obtusiloba. Trifolium nanum. Silene acaulis. and Paronychia 
pulvinata.
Griggs (1956), in studying high alpine plateaus in Rocky 
Mountain National Park of Colorado, includes such species as Trifolium 
nanum. Silene acaulis. Arenaria obtusiloba. Draba crassifolia. Salix 
nivalis. Phlox caespitosa. Paronychia pulvinata. Sedum stenopetalum 
and Luzula spicata in his list of fellfield plants. These plants 
typically grow on sandy and gravelly areas and form, in the Colorado 
Rockies, acres of the mat and cushion vegetation types with some 
narrow- and broad-leaved plants invading the cushions,
Alpine plant communities described by Hayward (1953) for 
an extensive glaciated basin above timberline in the Uinta Mountains 
of Utah include wet meadow, dry meadow, glaciated fellfield, slide 
rock, and krummholz. The fellfield and slide rock types together 
cover much of the area of the Uintas and support chiefly cushion and 
mat formers such as Selaginella densa. Paronychia pulvinata. Silene 
acaulis. and Dryas octopetala. and also the grasses Festuca ovina.
Phleum alpinum. and Poa arctica. Wet meadows, found near ponds and 
streams contain Deschampsia caespitosa. Juncus mertensianus. Pedicularis 
groenlandica. and Carex spp; while the dry meadows on the well-drained 
slopes above ponds and below rocky areas support the dominants of 
Trisetum splcatum. Carex pseudoscirpoidea. Juncus drummondii. and 
Sibbaldia procumbens. Hayward considers krummholz important in alpine 
vegetation because he has found it on cliffs and slopes above the 
general timberline. He attributes discontinuous occurrence of trees
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in alpine areas to reduced wind in protected places. Griggs (1938) 
also reached this conclusion from his studies in the mountains of 
Wyoming.
In southern Montana, Hoffmann and Taber (1961) have described, 
from quantitative investigation, several alpine plant communities of 
the high plateaus of the Beartooth mountains. These include fell­
field, which is extensive; dry Carex meadow; Garex-Geum meadow; 
Deschampsia meadow; moss-Carex hummock; Carex-Salix - moss hummock; 
polygon or rock net; cliff; rubble, and timberline. The hummock 
communities named are usually formed in wet lowlands of the Bear­
tooth alpine where frost action plays a dominant role.
DESCRIPTION OF LOGAN PASS
Logan Pass lies at an elevation of 6654- feet in the Lewis 
Range of Glacier National Park, at 4-8® 4-0* North latitude and 113°
14-* West longitude. Lying on the continental divide, it separates 
two main drainages of the park, Reynolds Greek leading east to St. 
Mary's Lake of the Hudson Bay drainage, and Logan Creek leading 
southwest to McDonald Lake of the Columbia River drainage. Logan 
Pass is approximately 24- miles from the western boundary of the park, 
12 miles from the eastern boundary, 32 miles from the southern 
boundary, and 22 miles from the northern boundary. By road distances, 
it is approximately 4-0 miles northwest of the town of West Glacier, 
and about 15 miles west of the town of St. Mary*s. The study area 
itself includes approximately 2.5 square miles. (See Map 2$).
The geological features of the Logan Pass area may be 
better understood by first considering the overall geology of 
Glacier National Park. A striking geological feature of the park is 
the very evident layering and coloring seen in the rock formations 
of the mountains, most apparent in the cliffs and peaks exposed above 
timberline. Almost all of these layers or strata are limestones, 
shales, and sandstones of sedimentary origin, belonging to the Belt 
series. These were layed down during the Precambrian Era when a 
body of water known as the Belt Sea filled a narrow trough (the Belt 
Geosyncline) extending from Alaska to Mexico. The Belt Sea existed 
three separate times during the last of which, late in the Mesozoic 
Era, it deposited Cretaceous sediments over the Belt series.
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With the advent of the Rocky Mountain Revolution near the 
close of the Cretaceous period, the sediments of the Belt geosyncline 
wre gradually uplifted. Resulting pressures from the West during 
the Eocene period created a fold in these uplifted beds, which was 
subsequently broken and overturned towards the east. This broken 
fold forms what is known as the Lewis Overthrust. Thus the older 
Belt sediments of the eastern limb of the overthrust cover the younger 
Cretaceous sediments of the eastern plains, whereas the sediments 
of the western limb of the overthrust remain in the original sequence 
of deposition; that is, the younger Cretaceous rocks lie over the older 
Belt series rocks.
Erosional forces during the remaining periods of the Tertiary, 
accentuated by continuing uplift eliminated the Cretaceous beds of 
the western limb. Further differential erosion and glaciation 
have formed the colorful peaks, cliffs, ledges and gravel slopes which 
are the characteristic features of the mountains of Glacier National 
Park.
The effects of glaciation are a particularly striking feature 
of the park. During the Pleistocene all the valleys of the park, 
which until then had been eroded only by streams, were filled with 
mountain glaciers originating in the highest parts of the Lewis and 
Livingstone ranges. Only the summits of the higher peaks in these 
two ranges of the park remained free of ice. These Pleistocene 
glaciers advanced and retreated at least twice before completely 
disappearing, as a result of climatic changes.
The 50 to 60 glaciers present in the park today are believed 
to have been formed in the Recent Period when the climate became cooler
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and wetter. These glaciers were advancing until sometime just prior 
to 1900 when gradually rising temperatures and decreasing snowfall 
led to their rapid retreat until about 194-5, after which their 
retreat slowed almost to a standstill in response to cooling trends 
and increases in snowfall. Since 1951 slight increases in volume 
have been noted for some of the park glaciers. However, subsequent 
indications of readvancement are considered to be temporary until 
time proves them otherwise. (Dyson, 1962), The plucking and 
scouring effects of several sets of advancing glaciers have left 
features in the park seen today as piles of morainal debris, U-shaped 
valleys, carved cirques, horn peaks, large lakes, and cascading 
waterfalls•
With this understanding of the overall geology of Glacier 
National Park as a background, it is evident that the features of 
areas within the park should reflect these same historic events —  
deposition, uplift, erosion, and glaciation. Such is the case on the 
study area at Logan Pass, which is composed of depressions, ledges 
and cirques in which snow accumulates, surrounded on three sides by 
the relatively snow-free slopes, moraines, and ridges of four 
mountains. The meadowy depressions constitute approximately two- 
thirds of the total study area, whereas the surrounding rocky ledges 
and moraines make up the remaining one-third. Two main creeks, 
Oberlin with its source on the north side of the pass and Reynolds 
with its source on the southwest, drain the study area. They are 
fed by many small snow-melt streamlets and rivulets which flow over 
much of the study area from their sources at receding snow fields.
21
The riclge, morainal, and some of the ledge and slope areas around 
the higher periphery of the pass are thus well-drained or dry, 
whereas the lower ledges, meadows, and some slopes are poorly- 
drained or when well-drained, are wet with running water#
Strata of two of the six Belt series formations considered 
to be the bedrock of Logan Pass (Dyson, I960) are the Siyeh and the 
Shephard. The more extensive of these, the Siyeh, is a bluish lime­
stone up to 4.000 feet thick which weathers a buff color. Even though 
it appears at higher elevations in mountains to the northeast of Logan 
Pass, the downward tilt of the beds to the southwest in the Lewis Range 
places the upper strata of this formation at the surface at Logan 
Pass. The other formation which outcrops on Logan Pass, the Shephard, 
is composed of several hundred feet of limy beds which weather yellow- 
brown and which lie on top of the Siyeh. Since there is an elevation- 
al difference on the study area of almost 1000 feet, the Shephard 
formation outcrops only on the higher parts and on the four mountains 
immediately surrounding it.
Of the features left on the study area by glaciers, four are 
particularly outstanding. The first are cirques formed by the plucking 
action of ice of previous glaciers on the east slopes of the mountains. 
Of the several cirques present at Logan Pass, the one on the west 
side at the base of Clements Mountain still possesses a permanent 
snowfield containing ice, although it is no longer active as a 
glacier. Another of the evident glacial features at Logan Pass is 
a terminal moraine which surrounds this cirque, formed during 
glacial retreat. This is a sizable pile of boulders and gravel, 
about 100 feet in height, which encircles the north and northeast
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base of Clemeqts Mountain below the cirque and its snowfield. The 
plucking action of the ice also produced a third feature, the ledges, 
referred to as a glacial stairway (Dyson, 1962), due to the differences 
in resistance of the strata over which the ice flowed. The fourth 
glacial feature of the study area is that of the hanging valley 
called Hanging Gardens, formed when the tributary glacier of the 
Reynold's Creek drainage eroded less than the main St, Mary's valley 
glacier with which it joined.
The geological features of an area, such as bedrock types and 
drainage patterns, are usually indicative of the types and develop­
ment of soils found. The only previous soil study available for an 
alpine area within Glacier National Park is that of Nimlos and 
McConnell (1962), They studied the soils of Siyeh Pass, an area in 
the Lewis Range northeast of Logan Pass, Dyson (i960) considers 
Siyeh Pass, like Logan Pass, to be composed of the limestone 
Siyeh formation whereas Nimlos and McConnell (1962) state that the 
bedrock there is argillite (a metamorphosed shale), This poses 
an interesting problem, for, according to Dyson (1962), two of the 
three argillite formations within the Belt series are at elevations 
below that of the Siyeh formation of Logan and Siyeh Passes, and the 
third, a red argillite formation called the Kintla, caps only 
higher mountains in the Livingstone Range,
Nimlos and McConnell describe two soil series for this 
area, the Ptarmigan and Beartooth, both of which have relatively 
acidic reactions (pH 4,5 - 6,2), may be well- or poorly-drained, 
range from sandy to loamy, and contain a clay horizon. The author's
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data on Logan Pass soils agree with the above descriptions but do 
not, however, agree with the descriptions given by them for alpine 
soils on a similar limestone bedrock in the Big Snowy Range of 
Montana,
Soil development types described by Retzer (1956) for alpine 
soils of the Rocky Mountains in Colorado and Wyoming were observed 
at Logan Pass, These are alpine turf soils, alpine meadow soils, 
and alpine bog soils. The alpine turf soils are found on higher, 
convex slopes and are thus well-drained with several sandy loam 
horizons, some of which may contain large rocks and gravel, and most 
of which contain partially decomposed organic matter in the form of 
roots and stems. They may develop from mineral parent materials of 
any character, and have reactions ranĝ hg from pH 4.5 - 5.0, The 
alpine meadow soils occur on lower slopes and in concave areas where 
surface run-off is retarded. The organic matter is greater than in 
turf soils but does not reach the stage of development found in 
peat. It usually develops from mineral parent material deposited 
as local sediments, such as stream alluvium and glacial till. It 
consists of several horizons, some of which are organic layers and 
some loamy layers containing differing percentages of gravel.
These types of meadow soils range in reaction from pH 5.2 - 5.9.
The alpine bog soils are highly organic and peaty soils, developed 
from mineral and organic sediments in depressional areas where water 
remains for long periods. Such soils develop layers of fibrous peat 
over gravel, sand or rock and have pH values near 5.1. Besides 
these three soil types, all of which occur at Logan Pass, two more 
substrate conditions were noted on the study area. These were dry
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and wet rocky areas which have very little soil. Retzer (1956) 
calls these * skeletal soils' and defines them as areas swept bare 
by wind, water, or gravity. The development of the other types 
of alpine soils on the study area is lessened by cold temperatures 
and running water and the concurrent lack of microbial soil organisms.
The climate of Glacier National Park is indicated 
approximately by long established recording stations around the 
periphery of the park. One of these, Marias Pass, is about 5200 
feet in elevation. The few interior records are recent, seasonal, 
and in some ce^es discontinuous.
The climate of the park varies widely within short distances 
due to the rugged character of the mountains within its boundaries. 
Records show large differences between higher (ridge) and lower (valley) 
elevations as well as between lee and windward sides of mountains 
and ridges. Popularly, the climate may be classed as alpine, “but 
a more strict climate classification would be continental, with 
decided Pacific maritime modifications, particularly on western 
slopes, during all seasons except summer.** (Dightman, 1961, p. l).
The extremes of precipitation are represented by records from the 
Babb station on the plains at the western border of the park and 
from the Sperry Glacier station which is like Logan Pass in being on 
the east slope of the Lewis Range. The average annual precipitation 
for the plains station is less than 20 inches, whereas for the glacier 
stations precipitation averages over 100 inches per year. Thus, 
even thou^horizontal distances may be only a few miles, areas of 
the park range from semi-arid at the lowest elevations (about 3100 
feet) to very wet at the higher elevations (mountain areas above 6000
25
or 7000 feet). Precipitation occurs as rainfall during the summer 
months of June to September and as snowfall during the remainder of 
the year. Winter is by far the wettest season in the mountainous 
and western parts of the park, whereas May and June are the wettest 
months near the eastern boundary. The latter receive twice as much 
rainfall as the remair^der of the summer months. The average annual 
precipitation of around 150 Inches in the higher mountain areas 
must require a snowfall that exceeds 1000 inches (Dightman, 1961)*
During average winters snow may accumulate to depths of 8 to 10 
feet or more on most mountain slopes. Some of the drifts on higher 
trails remain until mid-August and some of the glaciers remain under 
snow all summer. Some peaks are permanently snow—covered. Most of 
the park's moisture, as evidenced by the summer run-off of melt water, 
comes from this abundance of snow.
Temperatures in the park vary greatly according to elevation 
but in general the mountain areas may be as much as 10 to 20 degrees 
cooler in the summer, with averages between 50° and 70® F, than those 
at the lower elevations near the park boundaries where averages are 
in the 80's and 90*s. Winter temperatures over the entire park average 
from freezing to slightly above zero. Most areas experience below-zero 
periods sometime during the winterr months• These are largely 
dependent on the movement of Arctic air masses from the north.
The precipitation records show that all seasons except summer 
experience persistent cloudiness. Even thou^the summer days are classed 
in general as warm and dry, cool and rainy or snowy days are evidently 
frequent enough to support the glacial acitivity observed in Glacier 
National Park (Dightman, 1961).
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The only climatological data available for the study area 
itself are those recorded during the four summers of 1959-1962 by 
Choate (1963)• Conclusions drawn from these data indicate that the 
weather during the summer of 1959 is quite typical of most summers 
at Logan Pass.
Four fairly distinct phases of weather occur at Logan Pass 
during the summer season from June to September, The first period, 
towards the beginning of which there may be extensive areas with 
snow cover depths from 5 to 20 feet, oscillates between cold and 
windy days with periods of sleet and warm, clear days with fairly 
constant snow melt (about three inches per day), The clear, warm 
days may dominate this early summer period, which lasts until 
approximately the last week in June, Temperature and relative humidity 
averages were not available for this period in 1959 until the last 
day, June 20, when the average temperature was 64^ and the average 
relative humidity was 65^ (Choate, 1963).
The next period lasting until about the first or second week 
of July is characterized by cool, wet weather during which time the 
snow depth may drop from 1^ to 2-̂  feet in one or two weeks. Cool, 
fairly constant temperatures obtain but usually are above freezing. 
Precipitation may occur on as many as three out of every four days 
during this period. During this time many of the snowmelt water 
courses flood over snow—free areas. In 1959 (from June 20 - July 8) 
the average daily temperature was 49° F and the average percent 
daily humidity was 64 ,̂
The third period, proposed by Choate as the "true summer" 
at Logan Pass, is a warm, dry period continuing for more or less
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five weeks. Precipitation is scanty, occurring on only a few days 
during the entire period. The days are warm with marked reduction 
in snow cover, winds, and percent relative humidity; however, the 
nights are noticëably cooler. The average weekly maximum temperatures 
during this period in 1959 (July 8 to August 11) were as high as 
80° and as low as 60° F, whereas the average minimums ranged from 
37° to ^6° F. Daily average percent relative humidity for the entire 
period was 61#, with a maximum value of 100# for the weeks in which 
a day or two of precipitation occurred and minimums of 28# and 38#.
The latter occurred during the second and fourth weeks whereas the 
third week had a minimum relative humidity of 42#. The first and 
last weeks had somewhat higher relative humidity values. All snow, 
except permanent snow fields under the shadows of some of the peaks 
surrounding the pass, had disappeared during this period.
The fourth phase is one dominated by cold, wet days and 
terminated by the first autumn snows, although the general trend 
may be broken occassionally by sunny days. These early snowfalls, 
from -J- to 1"̂  inches, usually disappear during the intermittent 
clear days of early September, but by the first or second week of 
October, with the decrease in temperatures more of the snow remains 
and snow depths increase as the winter progresses. At the last 
observation on October 4^ 1959 a snow-depth of 13 inches was recorded. 
The average daily temperature for this period in 1959 (August 12 to 
October 4) was 43® F with an average daily relative humidity of 88#.
Even though the weather at Logan Pass may be conveniently 
considered as being composed of several phases, these in reality may 
be more continuous with transitional periods rather than distinct*
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An average daily temperature of $0° F and an average daily relative 
humidity of 74-? for the entire summer season of 1959 indicates that 
the alpine area at Logan Pass may be considered a relatively wet 
and cool one typical of alpine areas found in northwestern United 
States and southwestern Canadian mountains, as opposed to the drier 
and warmer alpine areas of many mountain areas in the Southern Rockies 
of Colorado, etc.
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MAP 2, Approximate location of plant communities at Logan Pass, Glacier 
National Park, Montana, (Choate, 1963).
METHODS
Several criteria were used in the selection of communities 
to be studied• The first was the choice of areas free of snow#
As a result of snow-melt patterns, higher ledges, ridges, and south- 
facing slopes were sampled during the first half of the season, 
and lower ledges, depressions, meadows, and north—east-facing 
slopes were sampled during the last half of the season. The sampling 
season was June 27, 1962 through September 3, 1962 during which time 
a total of 37 communities was sampled, (See Map 3.).
Since the development of vegetation at Logan Pass varies 
directly with increasing time after snow cover, areas of relatively 
mature vegetation within the snow-free areas were selected. It was 
arbitrarily decided that relative maturity was reached for an area 
when at least two-thirds of the component species were observed to 
be in flower. This phonological stage was observed to occur for most 
vegetation types at approximately two and one-half to three weeks 
after snow had disappeared from the area. This observation coincides 
with Choate (1963) during his study of four successive summers at 
Logan Pass, Therefore, areas were considered to be ready for sampling 
approximately three weeks from the date of disappearance of snow.
Sampling areas were also delineated by physiographic
conditions, such as topographical features, soil development, and
drainage patterns. Vegetation types were observed to differ
depending on several combinations of physiographic conditions. The
more obvious of these combinations of physiographic conditions were
poorly-drained depressions with highly organic to peaty soils;
moderately-drained flats or gently sloping areas with deep layers
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of loamy soils; well-drained slopes with sandy or gravelly loam 
soils; dry ridges, ledges and moraines with rock fragments and very 
shallow soils in varying degrees of development.
The final criterion used in the process of selecting 
communities was conçDositional homogeneity determined by visual 
observation in which preliminary species lists from the different 
areas were compared. Homogeneity in relation to plant distribution 
seems to be an indefinable concept as yet based largely on subjective 
criteria. Areas within which pronounced environmental discontinuities 
occur display an increase in the diversity of vegetation, and show 
differences in levels of homogeneity. Such differences, when present, 
are considered sufficient in delineating communities (Grieg-Smith, 
1957). Such communities occurring in the study area in the physio­
graphic categories of ridges and moraines, wet and dry ledges, steeper 
slopes, and boggy depressions were easily observable and subsequently 
sampled with considerable confidence of their homogeneity.
Homogeneous units within the physiographic categories of gentler 
slopes and moderately-drained meadows were less easily observable. 
However, these were also sampled as units with the anticipation that 
subsequent statistical analysis would show degrees of similarity or 
dissimilarity not so evident by comparing species lists in the field. 
Since the criterion of homogeneity was of prime importance in 
finally delimiting sites to be sampled no previously determined 
limits for size or shape of communities were established. Most of 
the communities were sampled on the horizontal or sloping surfaces 
of meadows, ledges, and ridges but a few were sampled on the vertical
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faces of ledges* The minimum community size was necessarily 
established by the number of samples taken in each community, an 
arbitrary number which remained constant for all communities to 
facilitate comparisons later. The shape of most of the communities 
sampled was basically rectangular, being irregularly oval. A 
few were almost square or irregularly circular. The size of 
communities ranged from about 20 square yards to about 7,500 square 
yards.
Quadrat data were collected within the communities chosen, 
as well as plant specimens, soil samples and data pertaining to 
these. The quadrat used was a AOO square centimeter frame (10 cm. X 
AO cm.), the size recommended by Ward (1962) for alpine vegetation.
Thirty quadrats were sampled within each community. These 
plots were placed in a block-random manner in which the first plot 
was placed completely at random within the community. Then the 
remaining plots were placed one, two, or three quadrat widths apart, 
in proportion to the relative size of the entire community, so that 
the probability of including within the samples all the characteristic 
parts of a community was increased. The actual sampling technique 
involved the recording of the plants observed to occur within a 
community^a check mark being placed on the data sheet after each 
species for every quadrat in which it occurred.
After each community was sampled, the mature plants (in 
flower or fruit) were collected for preservation and identification. 
The identification of leaves of immature plants, described as 
“unknowns'* at the time the particular community was sampled, was
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verified later by revisiting the community when these plants reached 
maturity. Fresh specimens were kept in quart-size polyethylene 
bags for verifying field identifications. The specimens to be 
preserved were pressed and dried. Plants of each community were 
placed in a scrapbook as a unit so that the collection when completed 
would have an ecological organization based on community and habitat 
types. Moss (1959) and Davis (1952) were used for identifications.
The collection of soil samples was made in pint-size 
polyethylene bags which were filled with topsoil, in many cases the 
only layer of soil present, and were stored under cool conditions 
during the summer awaiting laboratory analysis the following autumn.
One such sample of soil was taken in each community of the study 
with the exception of the last community, when unforeseen circumstances 
required abonding the study area for the season.
A small journal was kept during the study in lÆiich obser­
vations of a miscellaneous character were recorded. These included 
the date, location, elevation, and size of each community as well 
as exposure of the site, apparent soil texture, soil depth, 
apparent surface moisture, topographical features and estimates 
of plant and rock cover percentages. (See Table V in Appendix.)
The quadrat data and soil samples were analysed in the 
laboratory during the school year of 1962-63 at Montana State 
University. The soil samples were air dried and sifted using screens 
with 2 mm meshes. After packaging the dried and sieved samples 
in small paper bags a small portion of each sample was tested for 
soil acidity with a Beckman pH meter. Water was added to these 
portions of soil in sufficient amounts to make 35 to 45 milliliters
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of thick solution. All the soil samples were then turned over to 
the Soils Laboratory at Montana State University for further 
chemical analysis. They determined field moisture capacity based 
on percent oven-dry weight, organic matter based on percent carbon, 
and nitrogen, calcium, and phosphorus contents. (See Table II in 
Appendix).
Summarizing of the quadrat data entailed the preparation 
of a complete list of species found at Logan Pass during this 
study,(See Table I.) followed by the calculation of frequency per­
centages for each species. Frequency of a species is a quantitative 
measure expressed as a percentage defined as the number of samples or 
plots in which a species occurrs in proportion to the total 
number of plots sampled in an area (Grieg-Smith, 1957; Costing, 1958). 
For this study the community was considered the unit area, size 
being considered relative rather than absolute, the boundaries of 
any one community being determined by the criterion of compositional 
homogeneity. Such boundaries may be distinct or transitional and re­
sult in varying sizes of communities, but the resulting units are 
accepted as real and measurable, even thou^the theoretical 
existence of such units is still open to questioning (Grieg-Smith,
1957).
In this study the number of quadrats within which each species 
occurred was determined for every community by counting the number 
of check marks after each species on the raw data sheets. These 
values were then divided by the total number of quadrats sampled 
in each community (30) to obtain the frequency of each species
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within each community. The frequency percentage values calculated 
for each species occurring within a particular community were 
entered on post index sheets. When the recording of these values 
was completed for all communities, the sheets were then prepared to 
fit a "post index" filecabinet. In this preparation each sheet 
was trimmed to approximately X 10" and folded in thirds length­
wise, The first fold was made along the vertical line separating 
the two central columns of spaces in which the frequency percent­
ages were recorded. Thus, the left column of species with its 
column of spaces was placed back to back with the right column of 
species and its column of spaces. The second fold was made to the 
right of both columns of species and it was on this fold that the 
sheets were punched with two holes, each hole lÿ* from either end. 
Using these holes the sheets were threaded with special retaining 
wires and subsequently placed in two trays. One tray was used 
for each of the two sets of sheets. Both trays contained sheets of
all 37 communities. Because the wires have one-fourth inch wide
/flattened knobs on each end, when the sheets with wires threaded 
through them are placed in the tray and the first folded edges 
allowed to lie flat in one direction, each sheet overlaps the next 
one except for the one-fourth inch column of spaces exposed along 
the first fold. Thus, if the first folds of all the sheets are lying 
flat towards the right end of the tray the sheet on the far left 
will be completely exposed and the right column of species names 
may be read. The remaining sheets to the right will each have only 
the column of spaces exposed in which the frequency percentage 
values were recorded. The first fold of all the sheets may also
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be made to lie to the left on the tray in which case the column of 
values belonging to the left column of species would be exposed. 
Thus, a filing system is developed in which the frequency values 
for any particular species may be read simaltaneously for all the 
communities in which that species occurred, each sheet representing 
one community. Since these post index sheets with attached wires 
are easily removable the communities may be arranged in varying 
order along gradients from low to high frequency values for any 
particular species. These communities may also be arranged along 
other gradients when extra spaces are provided between species 
names in which additional values may be recorded. In this study 
the additional values recorded on the post index sheets were 
those of either measured or observed environmental factors, such as 
soil pH, field moisture capacity, exposure, plant cover, etc.
ORDINATION TECHNIQUES AND RESULTS
The term “ordination" was introduced into ecological 
literature in 1953 by Goodall and is defined by him as "an arrange­
ment of units in a uni- or multi-dimensional order" (Bray and 
Curtis, 1957, p. 325)• Ordination systems, as used by recent 
ecologists, are an attempt to account for the continuous variation 
of vegetation described by quantitative measures of the component 
species. Ordination then can be considered a system of class­
ification opposed to that ", • .in which units are arranged in 
discrete classes," (Bray and Curtis, 1957, p. 325).
In developing a one-dimensional ordiretion of the communities 
in the study area the environmental factor of soil moisture was used 
as the basis. The field moisture capacity values obtained from the 
laboratory analysis of the soil samples furnished the data. These 
values had been previously recorded on the post index sheets for 
each community. Since these values were unavailable for two of 
the 37 communities the remaining 35 communities were arranged in 
the post index trays according to the field moisture capacity 
values of each. The resulting order of communities represented a 
gradation from the low soil moisture value of 4,1# at one end of 
the tray to the high soil moisture value of 113.0# at the opposite 
end of the tray. Values for the remaining measured soil characteris­
tics of carbon, nitrogen, calcium, and phosphorus contents had 
also been previously recorded on the post index sheets. The 
arrangement of the communities according to these additional values
could thus be compared with the order of the communities already
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established according to the field moisture capacity values. A 
gradation from low to high organic matter and nitrogen content 
values coincided with the gradation from low to high field 
moisture capacity values. Such a positive correlation is expected 
since with increasing available water the accumulation of organic 
materials, which are rich in nitrogen, becomes intensified. Calcium 
ion values also increased with increasing field moisture capacity 
values but there was no apparent correlation of the phosphorus 
values with the other soil factor values.
Of the observed environmental factors none showed high 
correlation with the gradient based on field moisture capacity, 
however, apparent soil texture and apparent soil moisture showed 
slight trends related to the field moisture capacity values.
Many of the sandy, gravelly and rocky soils were located in the 
communities near the low end of the field moisture capacity gradient 
while more of the loamy soils appeared in communities possessing 
medium and high values for field moisture capacity. Apparent 
soil moisture showed less correlation with the field moisture 
capacity gradient than soil texture but a general trend occurred in 
which more of the observed dry communities appeared toward the 
lower end of the gradient than toward the higher end. However, 
the observed moist and wet communities did not show significant 
correlation with the increasing field moisture capacity values 
along the gradient.
These 35 communities, which were ordered according to field 
moisture capacity values, were arbitrarily divided into five groups 
of seven communities each. The field moisture capacity values
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were averaged for the seven communities in each group. (See 
Table HI in Appendix). The five values thus obtained were 
used to represent five moisture segments ranging from dry with 
the lowest field moisture capacity values to wet with the highest 
field moisture capacity values* These five moisture segments were 
designated by group as; (l) xeric^ with an average field moisture 
capacity value of 15.5$; (ll) meso-^xeric, with a value of 34-.5$; 
and (III) mesic, with a value of 45.0$; (17) meso-hydric; with
a value of 66.1$; and (V) hydricy with a value of 95.8$. These 
five values, when plotted along a horizontal axis of 113.0 total units, 
were the basis for subsequent graphs showing response of individual 
species to the five soil moisture segments (as based on average 
field moisture capacity values). (See Figures 24=31.)
The frequency values for each species, which were previously 
recorded on the post index sheets, were averaged by segment using 
the same five groups of seven communities each as were used in 
calculating the average field moisture capacity values. Since it 
is readily observed that not all the species occur in all the 
communities a species may occur in any of one to seven of the 
communities in a particular group, or may be completely absent from 
one or several groups. Thus, the average frequency of species 
within any group is a value which doesn't indicate its distribution 
among the seven communities within a group, but is a value which can 
be used to compare its level of occurrence among the five groups 
of communities, and as a consequence, along the previously established 
gradient of five soil moisture segments. In order to determine
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within which of the moisture segments each species obtained-its 
highest value, the average frequency percentages were tabulated 
by segment for each species. Table IV provides the summarized 
frequency values for these species. Each of these demonstrates 
a distinct preference for one or another of the five moisture 
segments. Some of these species can be seen to be narrowly restrict­
ed to a single segment, and others show a normal curve extending 
over several segments.
Some species do not demonstrate definite peaks in any one 
segment (Table I V )• Others of these have either consistently 
high, or low, values in all five segments; others show bimodal 
distributions. (Maycock and Curtis, I960.)
It is obvious that the plants of a particular area are 
actually reacting to a combination of environmental factors at any 
given time rather than to a single factor as implied by the single­
dimensional ordination. It is recognized that there is more than 
one possible environmental gradient along which a set of communities 
may be arranged (Curtis, 1959). Therefore, a multi-dimensional 
ordination of the communities sampled at Logan Pass was attempted 
which involved comparing and ordinating the communities in relation 
to each other. The comparisons were performed by computers since 
the comparison of the species of each community with those of each 
of the other communities would involve about 800 comparisons. There 
were 37 communities sampled plus the three repeat samplings in one 
community which equals a total of 4-0 communities used in the com­
parisons •
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The communities were to be compared by a computer program 
designed to determine the Index of Similarity for each community 
with every other community (Ream, 1962)* The Index of Similarity 
values are correlation coefficients between two entities with dif­
ferent quantitative measures, and are calculated by the formula
2 w X 100, where, in this study, *'a” equals the sum of frequency a-fb
values of all the species in one community, "b" equals the sum of 
frequency values of all the species in another community, and "w“ 
equals the sum of the lowest frequency values for each species the 
two communities have in common. A prepared program deck for the 
Index of Similarity was furnished by Mr. Robert Ream, Plant Ecology 
Laboratory, University of Wisconsin,
Using the frequency data recorded for the species, standard 
IBM cards were punched using two cards for each community and two 
columns for each frequency value. The values for the first 36 
species were punched on the first card for each community and the 
values for the remaining species were punched on the second card.
This deck of 80 cards together with two control cards containing 
instructional information is handled by the computer and is known 
as the **Input.” The ”Output,” or results, are printed on large sheets 
of data paper, called the ”print out sheets,” in sequential order. 
First is the heading for the particular study followed by the maximum 
value, average and presence percent, for each quantitative measure 
in the study. The remainder of the print out sheets were printed 
with the Index of Similarity values for each community, the values 
appearing in order left to right, with 20 values to a line. For 
this study the values of a community with communities 1-20 appeared
a
In the first line, and the values for communities 21-^0 appeared 
in the second line of the pair of lines for each of the J+0 communities. 
The Index of Similarity values ranged from zero between communities 
which have no species in common to 100# for two communities which 
are identical in numbers and kinds of species.
In the ultimate ordination of these communities each is 
arranged on the basis of its relative dissimilarity with all the 
others. Therefore, Index of Dissimilarity values could be cal­
culated by subtracting each Index of Similarity value from 100#, 
the highest similarity theoretically possible between any two 
communities. According to Bray and Curtis (1957) a more realistic 
value for the highest similarity between any two communities 
depends upon the amount of sampling error. Therefore, since in 
this study the average Index of Similarity values between the 
three samples taken in one community was 90# this latter value 
was used instead of 100# for calculating Index of Dissimilarity 
values. It was these dissimilarity values which were used as 
direct measures of spatial distance in arranging each community 
along a line in relation to all the other communities. (See Table
V I) .
The arrangement of communities along one or more axes was 
performed according to the method described by Beals (i960) in 
which two communities showing the greatest dissimilarity values 
are used as opposing end points along the primary axis. In this study 
the two most dissimilar communities were separated by 89 units, in 
other words their Index of Dissimilarity was 89. These units were 
placed on graph paper at 0 and 89 units on a horizontal axis 90
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units in length, called the 2 axis. When all the other communities 
were plotted, according to their Index of Dissimilarity values at 
distances between these two end points, it was observed that several 
communities in this initial separation occurred at similar points 
near the center of the X axis. Even thouglythese communities were 
approximately equi-distant from the end communities, and thus 
assumed to be closely related to each other, it was found by comparing 
their Index of Similarity values that they were not closely related 
at all but were in fact highly dissimilar. If the two communities 
of this center group which have the greatest dissimilarity values 
are themselves located within the central 10 units of the X axis, 
then it is considered that a second axis in the same plane, can 
be constructed at a right angle to the X axis (Bray and Curtis, 1957). 
In this study two such communities within ten units of each other on 
the X axis were 89 units apart on the Y axis and were used as the 
end points on the Y axis for locating all other communities within 
the two-dimensional scheme. Inspection of the communities on 
this two-dimensional ordination revealed that there still occurred, 
near the center of the graph, groups of communities which were 
located relatively near each other, but which had low indices of 
similarity. Therefore, a third axis, the Z axis was constructed 
at right angles and vertically to the others. Two communities of 
the above group which were the most dissimilar were 87 units apart 
and were usdd to construct the scale of this axis. The location 
of the remaining communities in relation to the three axes necessitates 
(l) the construction of a model utilizing three planes, such as the 
space within a 3-sided box, or (2) the comparison of their
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relationship on each of the three possible combinations of the 
three axes* (See Plates I -X and Figures 1 -23 •) Both of 
these types of graphic presentation were used.
The soil moisture categories, based on field observations, 
of wet, dry and mesic show a distinct pattern within the three 
dimensional ordination. The wet communities lie in a group 
oriented around a plane passing through the lower values of the 
Z axis and the middle to lower values of the X axis and which lies 
with the high end at the high values for the Y axis and the low 
end at the middle to lower values for the Y axis. (See Plate II*) 
The dry communities form a group oriented around a plane which 
passes through the highest values of the Z axis and nearly parallel 
to the X and Y axes, but which is scattered from lower to high X 
axis values and Y axis values. (See Plate II*) The mesic com­
munities fall between the wet and dry communities along the vertical 
Z axis and are slightly higher than the wet communities along the 
middle values of the X and Y axes* Some of the mesic communities 
fall on the lowest values of the Y axis and none fall on the highest 
values of the Y axis* (See Plate III,) This pattern can be seen 
to follow in general the Z axis values with the lower values 
representing wet communities, the higher values representing dry 
communities, and some of the middle values representing the wet 
as well as mesic communities*
A clear cut distribution of low to high field moisture 
capacity values within the three dimensional ordination is not so 
evident as the moisture categories of wet, dry, and mesic, even 
though a definite trend occurs* The high and medium field moisture
u
capacity values form a group oriented around the same plane as that of 
the wet and mesic communitieso (See Plate III.) The group of the
lowest field moisture capacity values occur with the dry communities 
which lie around the plane passing through the high values of the Z axis 
and parallel to the X and Y axes, and which are around the higher values 
of the X axis. None of the dry communities high on the Z axis and at 
the middle to high end of the X axis in this plane have low field mois­
ture capacity values. (See Plate III.)
The other observed soil characteristics follow in general the 
pattern shown by the distribution of observed soil moisture categories; 
that is, they follow a gradient along the Z axis. The loamy soils occur 
mostly in the wet and mesic communities. A few, however, of the wet 
communities are not loamy and one dry community is loamy. The former, 
in addition to the remaining dry communities, are rocky. (See Plates II,III.)
Related to soil texture is soil depth which was measured in 
each community. The shallow soils (less than 5 cm) occur in all those 
communities in the three-dimensional ordination which were rocky and 
dry as well as in two mesic and three wet communities which were rocky.
The deeper soils, over 5 cm and some over cm, occur in the mesic and 
wet communities which were also loamy. (See Plate I.)
Plant cover reflects the distribution of such soil factors 
as moisture, texture, and depth. Sparsely vegetated areas, with a plant 
cover of 50^ or less, occur in communities with rocky, shallow soils.
Most of these communities are also dry. Only one of these is mesic 
and one wet. The more densely vegetated areas, with a plant cover of 
over 15%9 occur in most of the mesic and wet communities with loamy, 
deeper soils as well as in the one dry community which has loamy soil.
The few wet communities which do not have a high plant cover are those
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The pH values for the communities were closely related and as 
a, uo not follow a pattern within the three-dimensional ordination.
Several plants illustrate distributions within specific 
portions of the three-dimensional ordination; that is, they show 
preferences for certain environmental conditions. Plants which occur 
with their highest frequency values (indicated by large circles and 
beads) in dry, rocky communities with shallow soils such as Achillea 
millefolium. Arenaria capillaris„ Arenaria obtusiloba. Dryas octonetala. 
Erigeron compositus. Fenstemon lyallii. and Silene acaulis occupy 
positions which correspond to those of the dry communities at the 
high levels of the Z axis. (See Figures 9 “ 15 and Plates VI,VU.)
None of these plants occur in all the dry communities. For example, 
Penstemon lyallii occurs in the dry communities at the high values for 
the X axis and at middle to high values for the Y axis, whereas, Dryas 
PCtopetala occurs at the low values of the Y axis and the middle to 
low values of the X axis. Some of these plants, such as Silene acaulis. 
occur also with low frequencies (indicated by small circles and beads) 
in mesic or wet communities which are not typical for such species.
Plants representative of those which characteristically 
occur in mesic communities with loamy, deeper soils are Erythronium 
grandiflorum. and Ranunculus eschscholtziio and Veronica alpina.
(See Figures 16 — 21 and Plates VIII, IX.) In addition, plants such 
as Arnica cordifolla. Pedicularis groenlandica and Phyllodoce glanduliflora 
occur with high frequency in wet as well as mesic communities. Some 
of these plants, such as Arnica cordifolia. Phyllodoce glanduliflora. 
and Veronica alpina. even though reaching their optimum occurrence 
under the favorable conditions of moist, well—developed soils, occur 
with low frequency in a few of the dry communities where the soil 
environment is less favorable. A few species occur with high frequency
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in a dry community as well as in mesic communities. In these cases 
the communities have soil textures and depths, if not observed soil 
moisture, in common. Erythronium grandiflorum is an example of such 
plants in that it occurs with equal and high frequencies in mesic 
and dry communities with deep, loamy soils.
Plants which are found typically in wet communities such 
as Allium,schoenoprasum. Anemone parviflora. Carex aurea. Parnassia 
fimbriata. Polygonum vivlparum. Tofieldla glutlnosa and Zygadenus 
elegans are more clearly restricted to wet areas as shown by their 
high frequency values in wet communities. (See Figures 1 — 8 
and Plates 17 ■, V •) Some of these species, such as Anemone parviflora, 
occur in wet communities located on the low values of the Y axis and 
along the middle values of the X axis. Other species, such as 
Tofieldia glutinosa. occur with the greatest frequency along the 
middle values of both the X and Y axes.
Two species, Antennaria alpina and Sibbaldia procumbens. 
illustrate the distribution of species which are apparently not 
restricted in their distribution. (See Figures 22 - 23 and Plate 
X .) Antennaria. alpina has relatively high frequency values
in many communities as well as occurring with small frequency in 
a few communities, neither with any correlation to soil factors, 
Sibbaldia procumbens reaches its optimum occurrence in the wet and 
mesic communities with loamy, deeper soils but may also occur widely 
throughout the dry-rockier or wet-rocky communities which have shallow 
soils.
DISCUSSION OF RESULTS
The one-dimensional ordination of the communities studied 
at Logan Pass along the soil moisture gradient, based on field moisture 
capacity values, demonstrates the continuous nature of much of the 
vegetation of the study area. Even though it is a simplified 
representation of plant behavior, it does show that there are 
communities which occur in all the moisture categories from xeric 
to hydric. In addition relatively few species are restricted to a 
single moisture segment. The continuousness of the vegetation at 
Logan Pass is also shown along this soil moisture gradient by species 
which occur indiscriminately among communities of most or all of 
the moisture segments. Such ubiquitous species contribute to the 
continuousness to such an extent that the vegetation could be 
considered to be of a single type., If the exclusive species restricted 
to just one segment or community are considered alone, a classification 
of the vegetation of as many distinct units as there are exclusive 
groups of species is possible. There are, however, many species, 
other than the ubiquitous and exclusive ones, which occur not only 
with high frequencies in the communitites of a particular moisture 
segment but also with lesser frequencies among communities of other 
moisture segments. These species invalidate the classification of 
the vegetation on the basis of the distribution of the ubiquitous 
and exclusive species. The vegetation, therefore, is neither a 
single unit or distinct units, but rather forms a continuum. That 
is, there are discernible combinations of species for each segment 
of the gradient (soil moisture in this case). But if the measured
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values (frequency in this study) of the individual species in each 
segment along the gradient are graphed, the result is a series of 
overlapping curves extending from one extreme of the gradient to 
the other. Such a continuum possesses recognizable but interrelated 
types of vegetation, which in this study were given names derived 
from environmental conditions characteristic of each.
Even though this one-dimensional ordination based on the 
single environmental factor of soil moisture is positive in • 
demonstrating a continuum for most of the vegetation on the Logan 
Pass study area, it is simplified in that there are some observed 
features for which it does not account. High field moisture 
capacity values are dependent on maturity in soil development and 
do not account for local physical features in the environment to 
which plants may respond. The species, for example, of at least 
two communities occur on ledges with gravelly, shallow soils which 
receive a continual supply of running water during most of the summer 
from melting snowbanks. The soils of these communities have low 
field moisture capacity values which would place the component 
species in the xeric or drier segments along the field moisture 
capacity gradient; however, such species were otherwise never found 
on dry ridges or fellfields or moraines and are therefore 
characteristic of the wetter sites. Community 24 and Saxifraga 
rivularis illustrate this. The former is a wet ledge community with 
shallow, gravelly soils but which receives continual snow-melt 
waterÇ yet because of the low field moisture capacity of its soil, 
it appears with xeric communities along this moisture gradient*
The latter is a plant restricted almost exclusively to cracks of
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dripping cliff faces, yet also appears in the xeric segment. Since 
such communities occur infrequently in this area, their effect on the 
total picture presented by the single-dimensional ordination along 
the soil moisture capacity gradient is small. Therefore, the 
continuum portrayed by this scheme, though simplified, is considered 
to be significant.
Somewhat more representative of the total complex of 
environmental and vegetational interactions of alpine areas in 
general and of Logan Pass in particular is a multi-dimensional scheme. 
In this, responses of plants to several environmental gradients 
are shwon simaltaneously. In the three-dimensional ordination 
attempted during this study it could be shown with some confidence 
that the distribution of communities along the Z axis portrays apparent 
moisture observed in each at the time of sampling. The distribution 
of the communities along the X and Y axes show no such correlation 
with any of the environmental factors studied. Soil texture, soil 
depth, and plant cover, which were the remaining factors noted, 
closely parallel the positions of the apparent soil moisture categories 
within the three-dimensional ordination. These factors can be 
considered to be closely dependent on one another as is shown by 
the high correlation between them in the multi-dimensional ordination. 
Among other environmental factors which should be measured in the 
future and which may follow gradients differently oriented than the 
soil factor gradient are temperature and time after snowmelt.
Even though more representative of the complex of environ­
mental conditions than the one-dimensional ordination, the three- 
dimentional ordination presented is still an oversimplification of
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the many factors to which the plants studied must be reacting* The 
gradients along which the communities may be ordered to explain their 
occurrence and distribution include physical features of the 
environment as well as physiological and sociological characteristics 
of the component plants. The number of gradients along which a 
community or a particular plant species may be positioned 
simaltaneously is infinite and represents the total complex of 
requirements for that single community or plant. These requirements 
differ slightly for each plant or combination of plants. The fact 
that each community studied occupies a different position in the 
three-dimensional ordination and the fact that no two plants have 
exactly the same distribution among these communities indicates 
that the vegetation studied is of a continuous nature.
In the three-dimensional ordination presented the gradients 
which are unknown are many. Indeed, the necessity for a fourth 
axis in this ordination is indicated by the fact that there are 
still two communities, 5 and 36, which have a low Index of Similarity 
but which appear close together along all three of the axes used.
They are dissimilar both floristically and in respect to most of the 
observed environmental factors. It is as yet unknown whether they 
would be separated along the gradient of an unmeasured factor. 
Community 5 which occurred in a dry, loamy meadow possibly would 
appear higher on the Z axis with the other dry communities if 
resampled. Its position within the ordination might also be changed 
if the moisture categories included a differentiation between those 
receiving water only from precipitation and those also receiving 
continual run-off water.
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This three-dimensional ordintion of the communities studied 
indicates that a continuum exists for the vegetation of Logan Pass.
Such a continuum is not necessarily visible in the spatial distribution 
of the vegetation of an area and this is the case at Logan Pass, 
probably due to the much-dissected topography on certain portions 
of the study area* Â moisture gradient is most evident from the 
wet meadows along streams through the extensive moist meadows 
over the rolling level areas to the drier meadows on slopes. All 
of these have loamy, deep soils and possess dense plant cover of 
upright plants, subalpine in appearance. These meadowy community 
types also occur on the larger ledges which possess deep loamy 
soils. A continuum from wet to dry conditions not only exists 
at Logan Pass at any one time during a season due to the physical 
factors which affect moisture conditions(such as snow-melt and wind), 
but may also exist over a period of years. For example, the moist̂  
meadows dominated during mid-summer by Erythronium grandiflorum were 
observed to become drier with increasing time from snow cover and 
to be dominated by Erigeron peregrinus in the autumn. Plant 
successional features of this and other communities on the study area 
should be measured and may be one cause for a few of the unclear 
results mentioned. The existence of a continuum from wet to dry 
communities is less obvious for the ledges which have shallow, rocky 
or gravelly soils, yet may be either wet or dry. The wet ones 
watered continually from snow melt are floristically unique, especially 
cliff faces (the wet rocky "ledges" of Sammons, 1959). They have 
many species of Saxifraga which were found nowhere else on the study
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area. The dry rocky ledges have stunted, clumped and/or cushiony 
types of vegetation characterized by species such as Silene acaulis. 
also characteristic of rocky ridge and moraine communities (fellfield 
and rocky communities of Choate, I960). Most of the wet and moist 
communities, except for wet rocky ledges, possess deep, loamy or 
sandy soils, while most of the dry communities occur in areas of 
rocky and gravelly soils.
In conclusion, the communities studied at Logan Pass may 
be considered, to form a continuum, shown by the ordinations present­
ed, which grade from wet, moist, loamy meadow communities and meadowy 
ledges with upright plants to dry rocky moraine, ledge, and ridge 
communities with cushion plants. Dry meadows may occur between 
these extreme's, both spatially and successionally. The relation­
ship of the wet rocky ledge communities to the continuum is as yet 
unknown, because although they have an unusual continual water supply, 
they have raw shallow soils with low field moisture capacity.
S U M M A R Y
A quantitative study of alpine vegetation was conducted at 
Logan Pass, Glacier National Park, Montana during the summer of 1962. 
This area is surrounded by the glacial cirques, moraines, and ridges 
of four peaks and consists mainly of ledges and meadowy depressions 
formed by glacial action on the limestone parent rock. It is a snow 
accumulation area with the timberline depressed to about 6500 feet 
in contrast to most of the park where it is approximately 8000 feet. 
Patches of krummholz appear in and above the study area on slopes 
and cliffs which receive less snow cover. The soils are acidic and 
the texture varies from rocky and gravelly to sandy and loamy* Records 
show that Logan Pass possesses a moist climate with heavy snow-fall 
in the winter and around 9 inches of rainfall in the summer.
Summer temperatures are moderate, with a dry, warm season occurring 
from about mid-July to mid-august. (Choate, I960).
Qualitative studies of the vegetation at Logan Pass by 
Choate (i960) and Sammons (1959), when compared with those of Shaw 
(1916) and Archer (1963) for the Selkirk Mountains and the Coast Range 
of British Columbia, respectively, reveal that species occur on this 
area which are characteristic of alpine areas to the north and west 
of Glacier Park which are also areas which receive and accumulate heavy 
snowfall. The plant communities listed for Logan Pass by Choate and 
Sammons are wet meadow, wet heath-Sohagnum. Carex-willow, dry meadow, 




During this study, thirty 10 by 40 cm quadrats were used 
to sample each of 37 alpine communities• From these data frequency 
percentages were calculated. The communities were selected on the 
basis of their freedom from snow cover, maturity of vegetation and 
floristic homogeneity at the time of sampling. Soil texture, soil 
moisture and plant cover were estimated and soil depth was measured 
for each community. The soil samples were analyzed for carbon, 
nitrogen, calcium, and phosphorus, as well as for field moisture 
capacity and pH.
It was found that carbon and nitrogen content values 
increased, as would be expected, with increasing field moisture 
capacity values. A single-dimensional ordination of the communities 
was therefore made along a moisture gradient ranging from low to high Held 
moisture capacity values. Five moisture segments were created by 
averaging the field moisture capacity values for every seven communities. 
These moisture segments were xeric, meso-xeric, mesic, meso-hydric, 
and hydric. All the species found in the communities were then 
plotted along this moisture gradient using the average percent 
frequency for each species in each of the five moisture segments.
A majority of the species found at Logan Pass showed a peak in at 
least one of the five segments. There were species which occurred 
in only one of the five segments, although some which peaked in one 
segment also occurred in several or all of the remaining segments,
A few species showed bimodal peaks and several species occurred with 
high frequency in all the moisture segments.
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In order to construct a three-dimensional ordination of 
the communities studied, each community was compared with every other 
community by means of a computer program based on frequency percentages 
of a select group of species. The resulting Indices of Similarity 
for each community with all the other communities were used to 
calculate Indices of Dissimilarity for each community. The latter 
were used as the units on the axes of the three-dimensional ordination. 
The communities were ordered along three axes simaltaneously according 
to a method described by Beals (i960)• When a three-dimensional 
model was constructed showing the position of each of the 37 communities 
the Z axis values were essentially those of soil moisture and the 
related factors of soil texture, soil depth, and plant cover. The 
highest positions along this axis were occupied by the dry communities; 
most of which possessed rocky, shallow soils and low plant cover, A 
few dry communities with loamy soil appeared in this position. The 
wet and moist communities with deeper, loamy soils and high plant 
cover occupied positions along the lower portion of the Z axis.
Most of the wet communities occurred higher on the Z axis, but below 
the position of the dry communities, and at the low end of the Y 
axis, than did the moist communities, most of which occurred along 
the lower portion of the Z axis and at the higher end of the Y axis.
An overlap of wet and moist communities occurred between these 
extremes.n A few of these wet communities possessed rocky shallow soils.
The three-dimensional ordination is characterized by species 
frequency distributions of the same nature as those of the one­
dimensional ordination.
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Therefore, both the single-dimensional and the three- 
dimensional ordinations indicate that the vegetation at Logan Pass 
is a continuum. Gradations from wet, moist, and dry meadow 
communities with deep, loamy soils to dry ledge, moraine and ridge 
communities with shallow, roclty soils are evident; whereas the 
position of wet, rocky ledge communities in the continuum is unknown, 
These few communities, as well as the few plants which do not seem 
to be responding to the same factors as used for the gradients in 






































































































































































































1 51.9 53.35 2.218 21.25 0.30 5.9
2 86,1 49.42 1.781 24.75 0.22 5.6
3 36,4 49.61 0.855 16.75 0.25 4.5
4 40.3 55.54 2.202 21.50 1.55 5.5
5 68.3 35.26 0.958 17,25 0.20 4.8
6 113.0 " 40.39 1.390 17.50 0.57 4.7
7 58.5 28.70 0.904 24.00 0.45 4.6
8 63.6 21.52 1.064 11.75 0,17 5.2
9 102,0 34.40 1.406- 19.25 0,32 5.0
10 12.8 26.52 0,669 15.50 0.40 5.0
11 17.8 10.90 0,507 9.25 1.24 5.2
12 64.0 39.00 1.420 / 20.75 1.07 4.5
13 26,9 20.59 0.682 9.00 0.40 4.7
14 35.5 32.45 1.088 10.50 0.62 4.5
15 79.3 35.26 1.249 10.25 0.45 4.2
16 62,6 20.28 0,836 15.25 0.65 6,5
17 81.9 25.58 1.194 3.00 0,18 4.2
18 31.7 15.29 0.501 . 7.00 0,10 5.4
19 112,0 36.19 1.47T 20.75 0,10 5.8
20 96,2 44.42 2,039 23.25 0,10 6,2
21 74.5 39.00 1.189 26.50 0.10 5.8
22 39.4 12.48 0.567 12.00 0.70 5.7
23 48.7 9.98 0.163 1.50 0.10 5.1
24 13.5 6.55 0.141 2.50 0,10 5.6
25 49.2 19.97 6.104 2.50 0.10 3.4
26 44.8 14.04 0.781 4.00 0.10 4.5
27 39.8 20.90 0.964 5.00 ,0,40 4.5
28 4.1 36.19 0.567 1.25 0.10 4.3
29 37.0 50.15 1.635 8.25 0,60 4.2
30 71.4 38.33 1.572 2.00 0.10 4.9
31 25.8 21.54 0.956 9.25 0,32 5.1
32 40.6 13.42 0.474 11.75 0,62 5.2
33 0.94. 0.038 1.50 0.10 4.2
34 31.8 13.42 0.267 1.75 1.12 4.9
35 7.4 8.11 0.181 1.75 0.77 5.0
36 29.6 3.74 0.128 3.75 0.62 5.6
37
* Meq per 4- grams,
** ppm, Bray's HCl method.
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TABLE III. AVEEIAGE SOIL FACTOR VALUES ACCORDING TO FIVE SEGMENTS'OF 
SEVEN COMMUNITIES EACH. (THE 35 COMMUNITIES LISTED WERE 
ARRANGED FROM LOW TO HIGH FIELD MOISTURE CAPACITY VALUES 
BEFORE CALCULATING SEGMENT AVERAGES.)
SOIL FACTOR AVERAGE VALUE IN EACH SEGMENT
SEGMENT I. II. III. IV, V.
F.M.C. PERCENT 15.500 34.500 45.000 66.100 95.780
PERCENT CARBON 18.630 25.310 26.740 31.730 38.020
PERCENT NITROGEN .529 .720 1.844 
• (1.134)
1.134 1.505
CALCIUM 6.930 8.570 9.640 16.790 16.960
PHOSPHORUS 0.A80 0.570 0.450 0.390 0.280
pH 5.0 5.0 4.9 5.2 5.1




















T A B L E  T V .  B E H A V I O R  O F  T H E  S P E C I E S  I D E N T I F I E D  A T  L O G A N  P A S S  A L O N G  T H E  
F I E L D  M O I S T U R E  C A P A C I T Y  G R A D I E N T ,  ( A  P E A K  I S  C O N S I D E R E D  A  D I F F E R E N C E  
O F  S E V E N  O R  M O R E  U N I T S . )
SPECIES AVERAGE % FREQUENCY IN EACH MOISTURE SEGMENT
I II III IV V 
XERIC MESO-XERIC MESIC MESO-HYDRIC HYDRIC
PEAK IN SEGMENT I
Erigeron aureus 0 0 0 0
Draba crassifolia 2. A 0 0 0 0Epilobium angustifolium 0 0 0 0
Juniperus communis 0 0 0 0
Anemone globosa 2 Æ 0 0 0. 0
Lewisia pygmaea 2 Æ 0 0 0 0Polemonium viscosum U L 0 0 0 0Taraxacum ceratophorum 1 Æ 0 0 0 0Crepis nana 12.U 0 0 0 0Erigeron compositus IÛ.4- 2.9 0 0 0Pentstemon lyallii 0 1.0 0 0
Saxifraga rivularis LJL 0 0 3.9 0Sedum stenopetalum 6.1 1.4 2.3 0 0
Achillea millefolium 0 7.1 1.4 3.3
Saxifraga rhomboidea 1.9 1.0 3.9 2.9
PEAK IN SEGMENT II
Phyllodoce empetriformis 0 14.3 0 0 0
Vaccinium scoparium 0 0 0 0
Stellaria borealis 0 0 0 0
Carex hepburnii 0 0 0 0
Potentilla nivea 0 4^2. 0 0 0
Epilobium latifolium 2.9 2.?^ 0 0 0
Oxyria digyna 0 11.9 ' 4.7 0 0
Mimulus lewisii 0 9..1, 1.4 0 0
Arenaria rossii 0 1.4 0 0
Vaccinium membranaceum 0 1 1 Æ 0 5.3 0
Arnica latifolia l.A 0 0 1.9
Dryas octopetala 0 23.2 0 13.9 8.6
Deschampsia caespitosa 2.U 12.4 3.9 0 3.3
PEAK IN SEGMENT III
Pedicularis bracteosa 0 0 7t.2_ 0 0
Arctostaphylos uva-ursi 0 0 0 0
Salix commutata 0 0 ^ 4 - 0 0
Carex killoggii 0 0 1.0 0 0
Mimulus tilingii 0 0 1*0,,. 0 0
Phleum alpinum 0 0 8-6 5.3 0














PEAK IN SEGMENT III. CONT.
Silene parryi 1.0 0 12.3 0 0Trollius laxus 0 0 22.7 10.4 11.4Ranunculus eschscholtzii 0 10.0 ll^L 0 3.9Erigeron peregrinus 25.1 19.1 z.6.1 35.6 18.1
Veronica alpina 1.4 9.1 2.6,7 8.1 20.4
Valeriana sitchensis 1.9 6.7 35.7 6.7 12,9
Carex nigricans 2.9 1.9 5.7 13.3
Senecio subnudus 12.3 15.5 33.0 26.3 22.8Arnica cordifolia 1.4 12.0 23.9 8.6 11.0Senecio resedifolius 2.4 6.1 16.7 1.4 7.1
PEAK IN SEGMENT IV
Thalictrum occidentale 0 0 0 0
Romanzoffia sitchensis 0 0 0 11.4 0
Saxifraga occidentalis 0 0 0 10.4 0
Draba nivalis 0 0 0 2.4 0
Lycopodium selago 0 0 0 UP„„ 0
Phyllodoce Intermedia 0 0 0 I ilSL 1.0Gentians calycosa 0 0 2.9 11..6 0Saxifraga mertensiana 2.9 0 0 11.4 0
Claytonia lanceolata 1.0 3.9 0 làxl. 1.4Festuca idahoesis 5.1 9.1 12.9 14.3
Tofieldia glutinosa 13.7 2.9 1.4 20.4 13.3
Silene acaulis 5.3 4.3 2.0 10,4 2,9
PEAK IN SEGMENT V
Pinguicula vulgaris 0 0 0 0 14.3
Carex scirpoidea 0 0 0 0 8.1
Tofieldia pusilia 0 0 0 0 2a6_
Cassiope tetragona 0 0 0 0 2.9.Carex haydeniana 
Saxifraga ferruginea
0 0 0 12.9 21.0
0 0 0 3.9 10.4
Allium schoenoprasum 0 0 8.6 0 15U






0 1.0 4.3 11.0 33.9
0 1.9 11.0 3.3 22.9
22.9 0 14.3 14.3 54.7
5.7 4.3 0 5.7 17.1
1.4 4.7 3.9 0 l6sZ-




15.6 9.1 ' 17.6 4.3 34.7
3.7 7.1 10.4 21.4 31.0














PEAKS IN ADJACENT SEGMENTS 
Mitella breweri 3.2 2.4 8.6 7,1 0Pedicularis groenlandica 2.4 0 15.1 22.9 21.0
Potentilla diversifolia 17*0 13.3 41,9 35.7 45.9
PEAKS IN ALTERNATE SEGMENTS 
Arenaria capillaris 26^ 4.7 24,9 0 1.9
Arenaria obtusiloba 3.9 10.0 1.0 , 15,7 5.7Carex tolmiei 22^ 15.6 36.1 20.0 3 2 ^Castilleja occidentalis 2.9 1.9 0 2*6
Dodecatheon pauciflorum 0, 1.4 0 i o ^Hypericum formosum 30.0 21.0 21.4 16.1 22*0
Kalmia polifolia 12^ 2.4 5.9 18.1 15.9Luzula wahlenbergia 11.9 21.8 5.7 19.4 0Lycopodium alpinum % o 0 14.3 0 1.9
Potentilla fruticosa 0, 2.9 10.4 1.0 13.7Saxifraga bronchialis 12^ 2s2 0 10.0 0Saxifraga nivalis 1.0 0 0 8.6
Sibbaldia procumbens 21t2 9.4 ]&0 18.6 23.4Abies lasiocarpa 0 ILd 1.9 15,1 0
PEAKS NOT SIGNIFICANT
Arabis nuttallii 2.4 1.4 5.3 2.3 0
Cerastium beeringianum 0 2.4 3.9 5.7 0
Equisetum arvense 0 0 1.4 4.7 0
Erigeron humilis 3.3 5.3 0 1.9 0
Myosotis alpestris 1.4 1.9 4.7 0 0
Parnassia kotzebuei 0 0 0 2.4 2.9
Phleum pratense 0 2.4 3.7 0 1.4Saxifraga lyallii 0 1.4 4.3 0 0
Arnica diversifolia 1.9 0 6.6 0 5.3
Astragalus bourgovii 0 0 1.4 0 1.0
Carex aurea 2.4 0 3.7 0 3.9
Erigeron acris 0, 1.0 0. 4.7 0
Saxifraga adscendens 2.4 0 0. 1.0 0
Carex phaecephala 14.3 8.6 11.9 -.17.6 0
Castilleja rhexifolia 0. 0 6.7 2.4 6.6
Senecio triangularis 0 13.4 7.6 12.9 0
Erythronium grandiflorum 12.4 17.6 14.3 17.1 0
Luzula glabrata 0. 2.4 6.7 5.3 0
Pedicularis contorta 13.9 8.6 0 0 4.7
Viola adunca 4.7 0 0 5.3 8.1
Sedum rosea 0 6.7 11.0 7.1 4.3
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TABLE IV. CONTINUED
 ̂ét' r 1 f
MESIC MESO-XERIC MESIC MESO-HïDRIC HYDRIC
Coimnunities 28, 35, 36, 18, 27, 4, 7, 16, 15, 1710, 2A, 321, U, 32, 26, 8, 12, 2, 20
11, 31, 3, 29, 23, 25 5, 30, 9, 19,13. 22. 1. 21. 6.
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T A B L E  E S T I M A T E D  V A L U E S  F O R  E N V I R O N M E N T A L  F A C T O R S  O B S E R V E D  I N  T H E  F I E L D
F A C T O R
C o i n m u n i t y  S o i l  S o i l  N i a m b e r  M o i s t u r e  T e x t u r e S o i lD e p t hc m
S i t eT e r r a i n P l a n tC o v e r S i t eE x p o s u r e
1 Wet Loamy 10 Ledge 100
2 Wet Loamy 9 Ledge 90
3 Dry Gravelly 5 Ledge 50
k Dry Loamy 4 Ledge 98
5 Moist Loamy 10 Slope 100
6 Moist Loamy 4 Slope 100
7 Moist , Gravelly 5.5 Depression 90
8 Wet Loamy 30 'Ledge 100
9 Wet Loamy 22.5 Ledge 95
10 Dry Sandy 1.5 Ridge 15
11 Dry Rocky 2.75 Ledge 55
12 Dry Rocky 3.25 Slope 50
13 Moist Sandy 1.125 Ledge 8
14 Moist Loamy 12.5 Ledge 97
15 Moist Gravelly 6.5 Ledge 75
16 Wet Sandy 1 ' Ledge 3
17 Dry Rocky 1.5 Ledge 50
18 Dry Rocky 1.25 Slope 45
19 Wet Loamy 12.5 Depression 99
20 Wet Loamy 25 Depression 100
21 Wet Loamy 27.5 Depression 100
22 Wet Loamy 10 Ledge 97
23 Wet Rocky 5.5 Ledge 80
24 Wet Gravelly 6 Ledge 93
25 Wet Loamy 30 Depression 100
26 Moist Loamy 40 Depression 99
27 Moist Sandy 10 Slope 100
28 Moist Loamy 15 Ledge 98
29 Moist Loamy 9 Ledge 100
30 Moist Loamy 20 Ledge 98
31 Dry Ricky 4 Ledge 50
32 Wet Gravelly 2 Ledge 65
33 Dry Rocky 5 Slope 25
34 Moist Loamy 40 Depression 100
35 Dry Sandy 40 Depression 100
36 Wet Rocky 2 Ledge 23
37 Moist Loamy 30 Depression 97
S o u t h e r nS o u t h e r nS o u t h e r nS o u t h e r nS o u t h e r nS o u t h e r nS o u t h e r nE a s t e r nE a s t e r nS o u t h e r nS o u t h e r nN o r t h e r nW e s t e r nW e s t e r nW e s t e r nN o r t h e r nW e s t e r nN o r t h e r nW e s t e r nW e s t e r nW e s t e r nN o r t h e r nN o r t h e r nN o r t h e r nN o r t h e r nE a s t e r nE a s t e r nE a s t e r nE a s t e r nE a s t e r nS o u t h e r nE a s t e r nN o r t h e r nW e s t e r nE a s t e r nN o r t h e r nW e s t e r n
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T A B L E  V I ,  L O C A T I O N  O F  E A C H  C O M M U N I T Y  W I T H I N  T H R E E - D I M E N S I O N A L  
O R D I N A T I O N .  ( C O M M U N I T I E S  7, 8, 27, 28, A N D  29 W E R E  
O M I T T E D  F O R  R E A S O N S  E X P L A I N E D  I N  T E X T . )
C o m m u n i t y  N o , D i s t a n c e  a l o n g  e a c h  A x i s  ( I n d e x  o f  D i s s i m i l a r i t y  V a l u e s ) ,  
X Y  Z
1 27.7 86.6 40.9
2 29.3 89.5 36.0
3 24.6 73.9 62.8
4 43.7 53.8 64.7
5 37.1 27.7 28.9
6 37.0 53.3 46.5
9 37.0 21.9 29.3
10 44.5 39.6 87.4
11 68.0 34.7 60.0
12 23.7 47.1 79.8
13 19.3 44.8 36.5
U 40.6 34.0 35.3
15 29.3 36.8 33.3
16 0 58.4 58.9
17 15.4 46*4 62.3
18 27.7 58.9 75.1
19 32.1 80.8 45.1
20 35.7 54.7 29.9
21 22.2 59.3 49.4
22 29.1 29.5 13.4
23 41.9 45.5 54.3
24 36.5 38.9 27.1
25 37.9 35.0 0
26 40.8 16.8 16.5
30 44.5 26.5 31.6
31 62.0 54.3 63.3
32 47.2 28.7 25.4
33 89.0 39.5 65.8
34 48.3 0 31.2
35 64.3 12.7 49.5
36 37.1 28.4 26.2
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FIGURE 1. Behavior of Allium










FIGURE 2. Behavior of Anemone









FIGURE 3. Behavior of Carex n  













FIGURE A. Behavior of Pamassia o






FIGURE 5. Behavior of Polygonum ̂  









FIGURE 6. Behavior of Potentilla








CO o  °PIGTIRE 7. Behavior of Tofieldia ̂









FIGURE 8. Behavior of Zygadenus ^ 
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FIGURE 9« Behavior of Achillea 
millefolium, a dry-adapted plant, 









FIGURE 10. Behavior of Arenaria ̂
N








FIGURE II. Behavior of Arenaria








FIGURE 12* Behavior of Drvas








FIGURE 13* Behavior of Erigeron 
compositus* a dry-adapted plant, 


















PIOtmE lA. Behavior of Penstemon 
lyallii. a dry-adapted plant, 








FIGURE 15* Behavior of Sllpne 
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Behavior of Arnica fc
cordifolia. a mesic plant, ^









FIGURE 17. Behavior of 
Erythronlmn grandiflorum. a mesic 
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FIGURE 18. Behavior of ^ 4 9
Pedicularis ffroenlandica« a mesic







FIGURE 19* Behavior of Phyllodoce 
glanduliflora. a mesic plant, 







FIGURE 20. Behavior of Ranunculns 









FIGURE 21, Behavior of Veronica 








FIGURE 22. Behavior of Antennaria
alpina, an ubiquitous plant, with­
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PTGTTRR 21^ Behavior of Sibbaldia
Drocimbens. an ubiquitous plant,
cc










FIGURE 24.0 Distribution of frequency values for species reaching op­
timum peaks in xeric conditionso 1-Penstemon lyallii, 2-Crepis nana, 
3-Erigeron compositus, 4-Achillea millefolium.
MH HMX MX
MOISTURE SEGMENTS 
FIGURE, 25, Distribution of frequency values for species reaching 
optimum peaks in meso-xeric conditions, l°Phyllodoce empetriformis. 







M X  M  M H  HM O I S T U R E  S E G M E N T S
FIGURE 26. Distribution of frequency values for species reaching op­
timum peaks in mesic conditions. 1-Pedicularis bracteosa. 2—Sllene 
parryj. rrnl ifnm laxus. A-Erigeron peregrinus. 5-Veronica alpina. 
6-Valeriana sitchensis. 7—Carex nigricans. 8-Arnica cordifolia.
y  4 0 .
I
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FIGURE 27. Distribution of frequency values for species reaching op­
timum peaks in meso—hydric conditions* 1—Romanzoffla sitchensis.




X MX MHM H
MOISTURE SBOMEKTS 
FIGURE 28. Distribution of frequency values for species reaching op­
timum peaks in hydric conditions. 1-Pinguicula vulgaris. 2-Pamassia 
fimbriata. 3—Polygonum viviparum. A-Phvllodoce glanduliflora.





FIGURE 29. Distribution of frequency values for species reaching op­
timum peaks in adjacent moisture segments. 1—Mitella breweri. 






FIGURE 3Û* Distribution of frequency values for species reaching op­
timum peaks in alternate moisture segments* 1-Arenaria capillaris. 





FIGURE 31* Distribution of frequency values for species with con­
sistently low or high peaks in all segments* 1-Carex phaeocephala. 
2-Senecio triangularis * 3-Ervthronium grandiflorum. A-=-Sibbaldia 
procumbens, 5—Arabis nuttallii. 6—Arnica diversifolia.
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Z AXIS Z AXIS
Y AXIS k. ^  X AXIS Y AXIS
O V E R  9 c m




Y AXIS Y AXIS X AXIS
OVER ' 9%
3* Plant cover— 50^ or less. 4. Plant cover— over
PLATE I, The environmental factors of moil depth and plant cover 
within the three-dimensional ordination of the communi­
ties studied at Logan Pass*
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z AXIS Z AXIS
Y AXIS X AXIS Y AXIS X AXIS
LOAMY
1* Soil texture— rocky. 2. Soil texture— loany.
z AXIS Z AXIS
I X AXIS X AXIS
3. Soil moisture— dry. Soil moisture— wet.
PLATE II. The environmental factors of soil texture and soil 
moisture within the three-dimensional ordination of 
the communities studied at Logan Pass.
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f
1, Field moisture capacity.
2. Soil moisture— mesic.




A n e m o n e  p o r v i f r o r o  -Y AXIS Y AXIS
1. Allium schoenoDrasTjm 2, Anemone parvif1ora
z  AXI S
P a r n a i e i o  f i m b r i q l a
3* Carex aurea A. Parnassia fimbriata
PLATE IV. The behavior of wet-adapted species within the three-






P o ly Q O '^ y '^   ̂ .••porurr>
% AXIS X AXISY AXIS
P o t c n l i i t o  f r u i i c
!• Polygonum vivinarum 2^ Potentilia fruticosa
é
3m Tofieldia glutinosa 4. Zygadems elegans
PLA.TE V. The behavior of wet-adapted species within the three-
dimensional ordination of the communities studied at
Logan Pass.
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Z AXIS Z AXIS
?î
Ar«narto âp- for■Ach«U#@ rnill*ffoMu
X AXISY  AXIS X AXISY  AXIS
1. Achillea millefolium 2. Arenaria capillaris
3, Arenaria obtusiloba 4. Drvas octopetala
PLATE VI. The behavior of dry-adapted species within the three-




1* Erigeron composltus 2. Penstemon Ivallii
3. Silene acaulis
PLATE VII. The behavior of dry-adapted species within the three-
dimensional ordination of the communities studied at
Logan Pass.
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1* Arnica cordifolia 2, Ervthronium grandiflorum
T
3* Pedicularis groenlandica A# Fhvllodoce glanduliflora
PLATE VIII, The behavior of mesic species within the three-dimen­








PLATE IX* The behavior of mesic species within the three-dimen­








PLATE X, The behavior of ubiquitous species within the three-dimen­
sional ordination of the communities studied at Logan Pass,
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